Introduction
Hypertrophic cardiomyopathy (HCM) is a genetically heterogeneous heart muscle disorder characterized by left ventricular hypertrophy, with predominant involvement of interventricular septum in the absence of secondary causes. [1] The prevalence of the disease in the population is reported to be 0.2%. [2] HCM is inherited as an autosomal dominant disorder with variable penetrance in more than 50% of the cases, [3] though sporadic occurrence due to de novo mutations is also observed. Till date mutations in several genes predominantly sarcomeric have been identified to cause HCM, though few nonsarcomeric, cytoskeletal and mitochondrial genes have also been implicated.
Although transmission of HCM is usually considered to be dominant, few cases indicating recessive mutations have also been reported. [4, 5] Several cases of HCM in India are beginning to be recognized, however, there is limited data available regarding the true prevelence and epidemiological variables. Further studies on the modes of inheritance in HCM have been carried out more than a decade ago, when only few genes had been identified, but with the emerging molecular advances that had lead to the identification of additional genes causing HCM;
this aspect needs to be reassessed.
Therefore the present study is envisaged at identifying the epidemiological variables in HCM and fitting a probability model assuming autosomal dominant mode of inheritance based on chi square, segregation, logistic regression analysis and also to assess the penetrance, heritability and relative frequency estimate of the condition, which may give the extent of genetic component involvement and can possibly shed light on the underlying heterogeneity of this complex disorder especially in the Indian context.
Materials and Methods
From Chi square (χ2) test assuming autosomal dominant mode of inheritance was carried out as reported earlier. [2] Odds ratio (1951) [6] a technique of logistic regression was used to compare whether the probability of the disease is the same for different groups and is given by:
The confidence interval was calculated using the formula Exp {β 1 ± Z 1 -α/2 * SE (β 1 )} where α is the level of significance.
The odds ratio can be any nonnegative number. When the row and column variables are independent, the true Penrose's method (1953) was adopted to calculate the relative frequencies based on the frequency of the condition in the population 'q' and sibs 's'. The mode of inheritance was identified based on the comparison of the observed relative frequencies with those of the expected values, where in the expected relative frequencies were calculated in sibs as 1/2q for an autosomal dominant trait, 1/4q for an autosomal recessive trait and 1/√q for a multifactorial trait and the observed frequencies is given by s/q. The calculated observed probability was examined for its close agreement to that of expected probability estimates of the dominant, recessive or multifactorial modes of inheritance.
Based on parental phenotypes and presence and absence of consanguinity the probability of being affected was calculated using Weinberg's formula to identify heterogeneity among the groups of HCM.
Wherein the probability of being affected is given by ∑ r-1 / ∑ s-1 and Table 1 gives the epidemiological variables in HCM cases. In our population the most common pattern of left ventricular hypertrophy was found to be ASH (48%)
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followed by HOCM (40%) and is in close confirmation with other studies reported elsewhere. [7, 8] Apical HCM constitutes 25% of cases in Japan but only 8-10% cases in the non-Japanese population, [9, 10] whereas our study revealed only 5.5% of apical HCM cases. Further only 2% cases of concentric HCM were observed, which is low compared to other reports of 20-25%. [7, 8] Mid ventricular obstruction was seen in 2% of the patients apart from one case of rare form of HCM involving mid and distal interventricular septum and apex. The Our study showed an increased preponderance of the condition among the males (78.7%) when compared to females (21.3%), with the sex ratio being 3.7:1, which indicates a higher male preponderance compared to previous studies from western (2.9:1) and Japanese (2.3:1) populations. [11, 12] The sex ratio in the different subsets of HCM were found to be 3. In general 31% of the HCM probands have a familial history of the disease, which is in conformation with other reports. [13] Further HOCM was found to have a higher familial status (41%) compared to ASH (27%), while 66% Previous studies on sudden cardiac deaths in HCM patients report an annual mortality of 2-6% with 21%
having a family history of sudden death. [14, 15] However, the family history of sudden death in our study was found to be 27.5% for pooled HCM, 37% for HOCM, 22.5%
for ASH and 66% for concentric HCM. Decreased availability of health care along with under diagnosis may explain such a higher rate of death in our population.
The observation that history of sudden death was twice the frequency among obstructive HCM cases as compared to non-obstructive form, indicates the malignant nature of obstructive HCM associated with poor prognosis.
[ Table 2 ] gives the mean age at onset in HCM with respect to gender and familial status. The expression of HCM is usually age related, occurring during or soon after periods of rapid somatic growth. The mean age at onset in general was found to be 42 ± 12 yrs and among the different subsets of HCM, the onset of the disease was early in HOCM (36 ± 19yrs) and in MCO (37 ± 14 yrs), as compared to the other forms: 43 ± 15 yrs for ASH, 50 ± 10 yrs for apical HCM and 46 ± 7yrs for concentric HCM. In an individual who was identified with the rare form the age at onset was 47 yrs, clearly indicating HCM to be a 3 rd and 4 th decade disorder.
Inter group comparisons based on the familial status revealed that the age at onset was more than a decade early in the individuals with a family history of HCM (30 ± 10 yrs) compared to non-familial cases (44 ± 14 yrs).
This was observed even among the subsets of HCM, wherein for ASH the age at onset for familial cases was Inter group comparisons based on gender in the various subsets of HCM showed the difference to be ≤ 5 yrs, implying that the age at onset for HCM is influenced more by the familial status and type of HCM rather than sex of an individual. and α-myosin heavy chain mutations were identified in the late onset HCM cases. [17] [18] [19] [20] [21] Hence, molecular studies keeping in view of the age at onset as a criterion, needs to be addressed on a large sample data. Table 4 gives the relative risk of non obstructive and obstructive HCM based on odds ratio. The odds ratio was found to be 0.66 for non obstructive and obstructive HCM comparisons indicating that the proportion of affected individuals is higher in the obstructive group suggesting that middle onset group is more likely to be under the influence of stress and environmental factors. Table 5 gives the relative frequency estimates for the possible modes of inheritance in HCM. The Penrose relative frequency estimates were carried out to establish the familial concentration by comparing the frequency of the condition in the general population and among relatives of the affected proband to check for the possible modes of inheritance in HCM. Since, the frequency of the condition in the general population is reported to be 1 in 500, the 'q' value was taken as 0.002 and the The overall penetrance estimates for pooled HCM and ASH was found to be 65%, 79% for HOCM, 40% for apical HCM, 53% for concentric HCM and 29% for HCM with mid cavity obstruction. Thus the highest penetrance was observed for HOCM, followed by ASH, while apical and concentric HCM showed moderate penetrance, the lowest penetrance was observed in mid cavity The probability of an individual being affected in a family was calculated by Weinberg's formula, taking into consideration the parental phenotypes and presence or absence of parental consanguinity [ Table 7 ]. Low parental consanguinity was observed in general, irrespective of the parental phenotypes. The probability estimates were 0.272 and 0.230 when both the parents were phenotypically normal, whereas when one of the parent was affected the estimates were 0.392 and 0.333, clearly pinpointing the inter group variation implying the genetic heterogeneity of the condition and focusing on the autosomal dominant and recessive modes of inheritance.
CONCLUSIONS
The epidemiological findings of the present study can be considered as preliminary and first of its kind from 
